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ABSTRACT 



Prior to 1940 thoro w«r« fow industrial plants in Kbich 
the iforkers could listen to tausic while they worked. The 
situation is now such that aliaost the reverse is true* The 
tremendous increase in the playing of music in industry has 
caused » and in turn has been caused by, many studies of the 
effects of music in terms of higher production rates, better 
employee morale and the resultant better employee-employer 
z*elations* 

While the factor of a change in the motivation of the 
employees has most likely been responsible for some of the 
cases in which an increase in the rate of production has 
been observed, it seemed possible that some physiological 
change might have been produced in the employees by the caislc, 
vdiich change could account for some of the increase in the 
production rates* If the i^ysiological change were such as 
to cause a reduction in the energy ea^enditure necessary to 
perform any given task, then that task could be performed a 
greater number of times for the same total energy expenditure 
as was used before the change took place* 

A method £>r the quantitative detenoination of human en- 
ergy expenditure does exist* This method consists of the 
measurement of the body metabolism* 

Previous work at Purdue University has demonstrated that 
a medical metabolism tester is capable of detecting small 
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changes in human anargj a^endltura* Tho tester used in thla 
previous work was a standaird tsodsl manufactured by the San- 
bom Company* This same tester was used in this e3q>erir&ent 
for the deteradnation of the energy expenditure requirements 
attributable to the effect of music* 

The body metabolism rates of ten persons were measured 
while these persons were subjected to backgrounds of noise 
and to backgrounds of noise plus music* While subjected to 
these backgrounds, all persons performed the sane task, at 
the same fixed pace, for the same lengths of titoe* Environ- 
mental conditions and all other factors associated with the 
conduct of the experiment wex*e held as nearly constant as 
possible* Five metabolism rates were obtained for each per- 
son* The first and fifth rates were taken when only the 
noise background was being used* Each of the other three 
rates was taken with a background of noise plus tausic* The 
noise was produced by a recording of an operating automatic 
screw machine and it was kept at a constant level of eif^ty 
decibels* Three different musical recordings were used and 
the average noise level of each was also kept constant at 
eighty decibels* 

A statistical analysis of tho metabolic rates thus ob- 
tained indicates that there is no significant variation be- 

i, i!ilj.ea« tS*. An Investigation of T^he Suitability of ^he 
Sanborn EIS Metabolism fester To Basic >fot ion ^tudv Experi- 
laentation . j^tcr of Science l^heVio. Purdiue UniversitY> 
Lafayette, Indiana, 1949 * 
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tween the rates for the three mslcal selections nor is there 
a significant rariation between the rates for the conditions 
of noise versus noise plus tausic* Any physiological change 
which may have been produced by the rausic is not evidenced 
by a corresponding change in the body metabolism. 



THE EFFECT OF MUSIC ON THE METABOLIC RATE OF WORKERS 



INTRODUCTION 

Th« problM of accounting for tha higher rates of pro- 
duction ^Ich have accompanied the introduction of periods 
of nuslcal progrananing in some industrial installations is an 
interesting one* While the investigation of the effect of 
certain types of music on the zoetabollc rates of %iorkers was 
the announced purpose of this thesis « another purpose, and 
perhaps the most Important one, was the investigation of the 
feasibility of the use of the Sanborn EIS metabollsa tester 
to evaluate the effects of other mental and emotional stiiauli 
upon the individual in an industrial situation* Any method 
of measuring the effecta of such stiiauli would be a valuable 
industrial engineering tool* 

A survey of the literature discloses that saxsic tends to 
affect the psychogalvanic reflex, electrocardiogram, blood 
preswire, pulse, and breathing rate*^ 

By auditory stimuli, metabolism can be controlled, nus<- 
cular fatigue can be increased or decreased, and the thresh- 
old of sensory perception can be controlled*^ It has been 
shoim that traffic and office noises initially affect the 
metabolic rates of persons doing clerical tasks, but that 

after a period of adjustment to the noises, the length of 

^* ^epinsky. A*, ^T!he 6rowing Appreciation of {4usic and Its 
Effect Upon the Choice of Music in Industry," Journal of the 
Acoustical Society of America . January, 1944, vol.l5,pp*17b-9* 

3* Burris-Meyer, H*, "Music In Industry; Results of Test," 
Mech«iical Engiaeering, January 1943, vol. 65, pp* 31-4* 
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which period varies with the person being tested, the meta- 
bolic rates return to their pre-noise values^ 

There are widespread misconceptions of the effect of 
nsisic in industry. Some of these are as followsi 

Music (any music) plus industry (any industry) equals 
music in industry. Music thus defined is a good thing. 

It works like a slot machine; you put in the music and 
out comes your production increase. 

Feed people the auditory equivalent of candy and they 
will be grateful to you. 

Base programming on a msic popularity poll. Give them 
idiat they ask for; after all, the purpose is to keep 
them happy. 

The primary objective of music in Industry cust be the 
establishment and maintenance of a desired emotional rela- 
tionship between the man, his work and his envirorunent. 

It must tuiTi the employes out at the end of the day in 
a better psychological and physiological condition than he 
would have enjoyed had no music been employed^ The same can 
be said of any mental or emotional stimulus to vdiich the em- 
ployee mi^t be exposed. Obviously, some method of raeasur- 



4* karmon, ^.!l. , "The Hi’ects of Noise Upon dertaln J^sycholo- 

f ical And Physiological Processes," Archives of PsvcholoCT . 
ebruary, 1933* No. 147* 



5* Cardinell, R.L. &nd Burris-Meyer, H., "24usic In Industry 
Today," Journal Of The Acoustical Society Of America . July, 
1947, vol. 1^, no. 4, pt. 1, pp. 



6. Ibid 
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ing th« tfftcta of various stimuli is nesdsd. It was thought 
that the Sanhom EIS metabolic tester might be the tool around 
which such a method could be built. 



EXPERIMENTAL PROCEDURE 



PUTPO« 

Th« prloMuy purpose of this esqjerimsnt was to determine 
the effect* if any* of music upon the rate of energy esqpendi* 
ture of workers performing a prescribed task* If a relation- 
ship were shown to exist between the presence or absence of 
oaisic and the rate of energy e:^>enditure* a secondary purpose 
was to be the determination of the type of music which pro- 
duces the smallest rate of energy expenditure* 

Method 

It was decided that the Sanborn SIS metabolism tester 
would be used to measure the rates of energy expenditure by 
measuring the metabolic rates of the workers tdiile they were 
performing the prescribed task with a background of random 
noise and with a background of random noise plus selected 
typos of music* 

In order to minimize the effects of variables other than 
the music; the proscribed task* the pace* the noise level 
(both background and oaisic)* and the testing schedule were 
fixed for all workers and for all tests given to each worker* 
The order in ^ich the types of music were presented to each 
worker was randomized so as to eliminate any trends attribut- 
able to the order of presentation* Table 2 shows the order 
of presentation used for each worker* 

The typos of music used were selected from among the 
thirteen types on which attitude measurements* as shown on 
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th« ”Attltud«a To%raa?d« Music” seals dsvelopsd by RCA, wore 

available? The selections were: 

Washington Post, March, Aieerlcan Legion Band of Holly- 
wood, California. Joe Colling, Director* Dacca Person- 
ality Series, 23921 A* 

Copenhagen, Instrumental, Pee Wee Hunt And His Orchestra* 
Capitol, 1319* 

Blue Danube, Walts, Wayne King and His Orchestra* RCA 
Victor, 27516 A* 

The task was a simple one, repetitive in nature, so as 
to roaovo the effects of practice from the physical and mental 
ease with which the task might be performed. 

The use of a controlled and fixed pace for the perform- 
ance of the task was made necessary by the fact that pace 

g 

has been shown to affect the metabolic rate • 

A background of random noise was used for two reasons* 
First, the random noise level could be controlled at a fixed 
value (do decibels) for all tasks, and second, the random 
noise background would more nearly approximate the background 
noise to be found in an actual industrial situation* 

The noise level of the male played was kept constant 
(80 decibels) since variations in noise level produce atti- 
tudes of annoyance in some people^ and this annoyance could 

7* iterr, W*A*, ^Attitu(ies towards Types Industrial 14isic,” 
Journal Of The Acoustical Society Of America . October, 1943* 
vol* 15, pp* 125 - 36 . 

8* Hoover, J*E*, Analysis Of Variation Of Human Energy Con - 
fUTOtlon With. LenjtFof Under kguiq Master' Of 

Science Thesis, Purdue University, Lafayette, Indiana, August, 
1950* 

9* Halpin, D*D*, "Industrial Music And Morale,” Journal Of The 
Acoustical Society Of America . October, 1943, vol*i5, pp* 116-23 * 
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be reflected in test results. 

l3Sik 

The task performed by the workers consisted of taking 
polished steel balls, one at a time, from the end of a rubber 
tube and transporting the balls to the other end of the tube 
into ^ich they were dropped. The balls weighed approximately 
three-fourths of an ounce each and were eleven-sixteenths of 
an inch in diameter. The rubber tube was of three-fourths 
inch inside diameter, eighteen inches long, and was mounted 
in such a way that one end was eight inches above and four- 
teen inches to one side of the other end. The upper end was 
forced over a one inch outside diameter, three-fourths inch 
inside diameter, two inch long piece of pipe which in turn was 
inserted in a hols in a wooden p^-atforn. The hole in the 
platform was countersunk so as to provide a sli^t funneling 
effect. The lower end of the tube was cut away so as to pro- 
vide an open trou^ for the last inch of the ball’s travel. 

A stop was provided against which the balls came to rest. The 
workers moved the balls from the lower end of the tube to the 
upper end, using one arm only, at the rate of forty-ei^t balls 
per minute* This pace was controlled and facilitated by hav- 
ing the workera coordinate their arm movements with the pendu- 
lum of a metronome which was set to ^Jcs ninety-eight beats 
per minute. The workers were coached to dleregard any dropped 
balls and to continue the arm movement without a ball rather 
than to break the established rhythm in an effort to retrieve 
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a ball or pick up anothar ona« Dropped balla were fed back 
into the tuba by the person conducting the experiment* Be- 
fore the experiment began, each worker was seated in a chair 
before the workplace in %i^chever x>oaition best suited him* 
This position was held throu^out the experiment* 

Test Procedure 

The test was conducted in a room from which all persons 
were excluded with the exception of the worker and the person 
conducting the experiment* In this manner, many distracting 
influences, vdiich might have affected the test results, were 
eliminated* On a day pzd.or to the day of the test, each 
worker was given a briefing on the purpose of the test, the 
nature of the metabolic equi|X!ient, and the manner in id^ich 
the task was to be performed* Each worker then practiced the 
task for ten minutes during which time he was exposed to per- 
iods of noise and noise plus utisic* During this time the 
worker was connected to the metabolic tester in order to ac- 
custom him to its use* No mention of the e 3 q>octed results or 
previous results was made to the worker at any time* 

All tests on all workers followed the same schedule* 

With the time of arrival of the worker at the testing room 
as "zero" time, the following schedule was adhered to at all 
times: 

Ite glagjed Time Action 

0-10 10 minutes A recording of noise was started 

and brought to a level of ei^ty 
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10-15 5 KdnutQS 
15-20 5 alnutts 

20-25 5 tainutea 

25-30 5 mlxmtea 



30-35 5 minutes 



35-40 5 minutes 
40-45 5 minutes 
45-50 5 minutes 
50-55 5 minutes 
55-60 5 minutes 



decibels* The worker rested on a cot* 
Just pv±9T to the end of the ten min- 
ute period, the worker was seated in 
the chair at the work area and was con- 
nected to the metabolic tester* 

The worker performed the task idiile 
breathing room air through the meta- 
bolic equipment* 

Without knowledge of the worker the 
metabolic equipment was turned on and 
a record run was made* 

The worker was disconnected from the 
equipment but remained seated at the 
work area* 

A recording of music was started* The 
worker was connected to the equipment 
and performed the task while breathing 
room air through the equipment* 

Without knowledge of the worker, the 
metabolic equipment was turned on and 
a record run was made, after which the 
music was stopped* 

Same as 20-25 
Same as 25-30 
Same as 30-35 
Same as 20-25 
Same as 25-30 
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CALCULATIONS, RESULTS AND CONCLUSIONS 



Calculations 

The Sanborn EIS metabolic tester is designed to measure 
the metabolic rate by measuring the rate of oxysen consumption. 
Essentially, the tester consists of a set of breathing tubes 
Mhich lead to a spirometer bell which is fires to rise and fall 
in an enclosing water tank as the volume of gases in the bell 
Increases or decreases. The bell is filled with oxygen before 
the start of each test. As the individual being tested inhales 
through the breathing tubes, he draws oxygen from the spiro«> 
meter bell, and the bell falls. As the individual exhales, the 
products of exhalation pass to the bell via a filter which re- 
moves the carbon dioxide that has been generated by the indivi- 
dual's energy expenditure. Thus, the boll, iidiile rising, does 
not rise to its original position. The difference In height be- 
tween the positions of the bell after successive exhalations is 
a measure of the amount of o^gon consumed by the individual 
between these exhalations. 

Throu^ a system of linkages, a stylus is attached to the 
bell and moves with it. This stylus traces the vertical move- 
ments of the bell on a paper-backed, wax-faced chart wrapped 
around a cylinder. The cylinder is turned by a synchronous 
motor. Therefore, the ordinates of the saw-toothed line in- 
scribed on the chart represent the vertical positions of the 
spirometer bell and the abscissa of the chart represent time. 

If the person being tested consumes oxygen at a constant 



•04 



^vnsmm 



w rk mmm»>‘ «J kO C^BNlS •'J? 

t#P? «J7 jBtTiWfc*. #ffi My 

^ • ^9 ^mMMa mat ^xXlMkitmm^S 

•«iT£ 4t €i < i a»4^ Ij>W T»^awii^ • ar 

JLtM *at# *^0 a^uitav *15 o vttv i<f>nf‘Mi ^ «t 

^Iv uAiiii IXW *w ■•■M'MCX 

AaiAjdW> iAJ«ac li*«0A'iWa »4# gd d9mm Jm €%m^ *dM 

mv%l «.i «aa4vf «ii« 

mU «A >a;U^ il4^r mJ ^ ^U*4 «»11B 

««i c^DiiM * , u Xl f V a air Uad s4i a? aain .taiaax#.Ma V) a«aui^« 
*4# t# ^3«n#oa Aaatf aaA maj at>litaii» agym* «^.* aavMi 
8*«*. fiJtii^ aaa «aMl9 •natitaaf m tim^a **ia4ta 

-«a jur-144 9i arrr ^auJkflao^ Ia«Zji'ie all cy aa#r Ma 

»x XXoa fib aaai^laa^ ail > a » p« 

layik^ltMl a4i ^ iia94iaa»» le ^iit*>HBa <ai# la ruaaaa a 

r*i«MXaaXaa«(r ««aat 

at!4 aa @^%iaa^ia ai aoiyaa a ^ «vrcia * 

^rm Js^kwsm a^ mo£v^ a£i!T .al dabi a a raa 

» • im Itmi atte \o a 
a«*><^«ai'«4i\i • C' ^ %<f? *raiMil%a a r<* 

aatl ‘'a*fyai/f •^(ui .«.tj *)ia a»4ia«y»n<9 a^a ,an ^ a ia 4S 
aii ^ iMai^iaa^ lawii^v «ida aiaayiiai*^ tp-l >• 'WHaa 

.Mil jM a a anp t #^ rraa** ad# ^ aaaiaa^ xLM aa j <» ^ >a> 

a ^UMM a 3a aai^ aanagai rajaa# a«cii# U 



1 1 1 



!!• 



and tha tidal voluma (i«a>, voluma ratalnad in tha lungs 
at tha and of aach inhalation and exhalation) ramaina constant » 
as ^uld occur ^an a porfact oparator performed a repetitive 
task at a constant pace, the peaks of the saw toothed graph 
generated by tho metabolic equipment form a strai^t line«^ 

The slope of this line represents the rate of oxygen consump- 
tion or energy expenditure. 

Since the individuals tested were not perfect operators, 
the volumes of the respiratory cycles were not constant, and 
tha peaks of tha charts did not fall on a straight line. It 
was necessary to calculate the slope of the line of best fit 
through the points of each chart using the method of least 
squares. Since each chaxt represented all the respiratory 
cycles for a four minute period (45->90 cycles), a sampling 
plan was devised which allowed the computation of the slope 
of the line of best fit from as few as thirty peak points. 

These points were selected as follows: five from the first 
tan points of the chaz*t; five from the last ten points of the 
chart; and at least twenty equally spaced thrcni^out the re- 
maining points of the chart. The results of the calculations 
are given in Table 3 and Table 4* 

The test for honsogeneity of variance^^ was applied to 

the data. The analysis of variance technique^^ was then used 

16. ^eot^out. W.)). . A textbook PlhivsiologY ; ^t.louisV 6.V. 
Mosby Co., 193^. 

11. Freeman, H.A., Industricd Statistics ; New Tork, J.Wiley 
and Sons, Inc., London , dhapaan ana Hall , Ltd., 1942. 

12. Lindquist, E.F., Statiatlc^ Analysis In Educational 
Research . Boston, New toric, Chicago, Atlanta,' Dallas, San 
Francisco, Houghton Mifflin Company, 1940. 
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to ovaluat* th« aig;Qiflcvica of tha data. 

All tha raw data for tha calculations ara daposltad in 
tha Motion and Tima Laboratory at Purdua Uni varsity. 

The test for homoganaity of variances upheld the hypo- 
thesis that tha column saaplas belonged to normal populations 

of the same variance. Tha test rejected tha hypothesis that 
0 

tha rKw 84unplas belonged to noraal populations of the same 
variance. 

The analysis of variance indicated that the only signifi- 
cant variance at either the 5 % or 1^ level was the variance be- 
tween individuals. Thera was no significant variance attribu- 
table to the presence or absence of siusic. nor was there a sig- 
nificant variance caused by any specific selection of music. 
Neither was there a significant variance due to the order of 
presentation of the musical selections or to the skill which 
was gained in performing the task between the first and last 

tests for each individual. The calculations of the L, test 

1 

and the analysis of variance tests are included in Appendix B. 
Conclusions 

It may be concluded from the results of the experiment 
that music of the three comprehensive types used does not 
affect the metabolic rates of workers perforating a given task, 
the energy esqpendlture requirements of idiich are a function 
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of th« paco^^ at «dnich th« task is perforasd* 

Although statistical studios have shown that factory pro- 
duction has increased «disn msic was used in certain selected 
industries'^ the results of this experiment indicate that these 
production increases probably were not achieved without a cor- 
responding increase in the amoimt of energy expenditure on the 
part of the employees. 



13. Hoover, J.E., Analysis Of Variation Of Hunian Energy Consump- 
t ion With Length Ot Mo Wment Under feoual Pac e. Master of Science 
fheslsV ^hjirduo (Jniyersity^ Lafayette, Indiana » August, 1950* 



14. Kerr, W.A., "Experiments On The Effects Of 2>iusic On Factory 
Production," Applied PsycholO£y ?fonographs . January, 1945. No. 5. 
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APPENDIX 

A 



CHARACTERISTICS OF INDIVIDUALS TESTED 
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TABLE 2 



ORDER OF PRESENTATION OF NOISE AND MUSIC 



Selection 

Individual 
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Second 


Third 


Fourth 


Fifth 
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(Variance) 
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SX 


SX2 
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4.669 


2.281165 
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2*240208 
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2.141052 
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Arithmetic mean s 3 variance r .000726632 

No. oi^ rowa 
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Log Variancejj s 5.713994 - 10 
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Li TEST OF COIUHKS OF TABLE 4 





S2 


SX^ 


First 


4*669 
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s «h©r« H 5 No. of values per 

colu!sn. 

. 10(2.2SU65) - (4.669)g 
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Log Tariancajj^ z 

Log Variancej^^j^ z 
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40*202794 • 50 
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Sl2 



( 31) 2 - 10,321531 - 
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( 22 , 657)2 
— — 

513.339649 

50 



. 10.821531 
« .554733 
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(SX )2 of individuals A thru J 
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- ( 3 X ) 2 
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539.25997 - 10.266793 • 10.785199 - 10.266793 
5 

S .518406 
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4.137134 - 4.134132 « .003002 

Within Music 

(sxg)^ ♦ (3x3)^ (3X4)2 - (sxg ♦ SX3 ♦ 3X4)2 

N2 ♦ H3 ^ K4 Na ♦ N3 ♦ M4 
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